Knowledge Management (KM) is responsible for using the intellectual resources of an organization. KM principles are both determining and effective factors for the software product quality. Several KM process have been proposed in the literature. However, for a KM initiative to be successful, it is important to consider the current state of KM activities in a company. In this context, the objective of this work is to measure KM activities in software engineering companies by means of a tool that automates the process of KM diagnosis. This paper presents the Software Engineering KNOWledge management diagnosis (SEKNOW) tool, its main functionalities, the potential users profile and examples of use. In addition, we show how the architecture was implemented in order to make the tool extensible to multiple diagnostics and how the companies can employ the tool to fetch data to their systems. Finally, we present similar tools and compare their functionalities.
Introduction
Knowledge Management (KM) is responsible for using the intellectual resources of an organization. The purpose of KM is to acquire, organize and share the knowledge in the company, enabling all of its members to make their work more effective and productive. The main goal of KM is to make organizational knowledge accessible, promoting the emergence of new knowledge [O'Leary and Studer 2001] . KM principles assume that knowledge is present in organization in both tacit and explicit assets. Tacit knowledge refers to intangible factors in people's minds, such as: experiences, aptitudes, intuitions, values and beliefs. On the other hand, the explicit knowledge are information that can be more easily documented, replicated and accessed [Nonaka and Takeuchi 1995] .
In relation to software engineering companies, KM initiatives have been implemented in order to promote tacit and explicit assets, such as the reuse of experience in order to improve the processes and products related to software development, as well as solutions and problems of traceability, document management, software reuse, support for project memories and the learning core [Bjørnson and Dingsøyr 2008] .
Several benefits and needs to apply KM in Software Engineering have been reported in several studies over the years [Bjørnson and Dingsøyr 2008] , [Souza et al. 2015] , [Vasanthapriyan et al. 2015] , [Carreteiro et al. 2016] , [Andriyani et al. 2017] , [Maciel et al. 2018b] .
Several different approaches to promote KM initiatives can be found in the literature, as processes or models [Dalkir 2005 ]. However, applying KM without first looking at the company's current state may require high and often ineffective investments in the identification and sharing of knowledge that are in fact relevant [Bukowitz and Williams 2000] . One should employ diagnostics to determine areas really needing improvement or that are most cost-effective for a company in terms of KM [Bukowitz and Williams 2000] . Such diagnostics on knowledge will help the company to determine which knowledge is being managed and how well it is being managed. It turns out to be an effective process to monitor the performance of KM practices in an organization [Nejati 2010 ].
In 2018, a Systematic Literature Review (SLR) conducted by Maciel et al. [Maciel et al. 2018a] , presented that diagnostics on KM is an effective process to monitor the performance of KM practices, however, in the software engineering context such practice does not yet appear to be well consolidated. Furthermore, there are no specific tools to automate the process of applying the diagnostics in software engineering. In this context, in this paper we present the Software Engineering KNOWledge management diagnostics (SEKNOW), a tool that allows to measure the KM activities in software engineering companies through different processes of KM diagnostics. This paper is organized as follows. Section 2 describes SEKNOW architecture and its main functionalities. Section 3 presents the potential users. Section 4 presents aspects related to the SEKNOW usability. Section 5 presents similar tools in the literature. Section 6 presents the conclusions and future directions.
Architecture and main functionalities
The technology used was a REST API using Java language with Spring framework. Figure 1 shows the architecture and how REST server interacts with multiple front-end applications and other systems. The server provides data in JSON format that can be consumed by any program-ming language that is capable of executing REST requests.
Currently, diagnostics from Bukowitz and Williams [Bukowitz and Williams 2000] is available in the SEKNOW tool. Diagnostics from Bukowitz and Williams is considered one of the most complete, since it allows to measure the several KM activities in a company: obtaining, learning, contributing, using, maintaining and discarding knowledge [Maciel 2019 ]. However, the tool has been structured to allow new diagnostic processes to be easily incorporated into the tool. This implementation can be used as a template by developers who wish to create their own diagnostic application. The main tool functionalities include:
• Allows users with manager profiles to send invitations to other employees to use the tool. • Allows that using the invitation, the user can make her/his registration and automatically be linked to the company. • Allows the manager to initiate, cancel or terminate a diagnostics.
• Allows all active users to respond to the diagnostics until terminated. After completion, the diagnostics score is calculated. • Allows the users to access a report with their own answers. The report provides an overview about the calculated diagnostics score. • Allows a manager to access reports based on different filters. The filters are: per profession, period and time of the employee's experience. • Allows the existence of users with a research profile. Users with such profile can have access to compare diagnostics results of all companies. These reports have filters per company, software development process model, career, period, and employee experience time. However, when using the research profile it is not possible to access employee names and company names. This data is encrypted to preserve the data confidentiality entered in the database.
The source code and the environment configuration manual for using the tool are available for download 1 . Once the company has access to the tool source code, the existing functionalities can be customized, as well as include new functionalities or other KM diagnostics.
Potential users
SEKNOW has three types of users with different permissions: employee, manager and researchers: (i) This user can only respond to diagnostic questionnaires and have access to the report that shows his/her own answers; (ii) The company manager can register the company that will be diagnosed and invites the employees to answer the questionnaires. The manager can view the responses of their employees and access the reports of the company. In the reports the manager has access to the KM score obtained by the company and a summary of the data extracted; and (iii) The last type of user is researcher. This profile has access to the answers of all companies and all data collected in companies.
Usage
After the user's registration, the main system screen displays all KM diagnostics available in the SEKNOW (Figure 2 ). When choosing a diagnostic, the user is taken to the screen that presents the opted diagnostics.
Figure 2. Interface to employees answer the questions
The manager has the possibility to consult the responses of his/her employees through the interface shown in Figure 3 . 
Similar Tools
According to [Esteves 2017 ], there are a limited number of references on specific tools to conduct KM diagnostics in software industry. In addition, in the SLR conducted by [Maciel et al. 2018a] only two studies mention the use of tools to automate the process of applying the KM diagnostics.
The System of Organization Knowledge Assessment (SysOKA) [Alves et al. 2009 ] is a tool created based on OKA method. This method was conceived in the 1990s by the World Bank in the United States and it was applied in federal public administration environment, but can also be applied in private institutions. The software works on the desktop platform and has the following functionalities: registration of the organization and of the employees; collection of answers; export and import responses; report of activities evaluated by the model. AutOKA tool [Carvalho 2013 ] is also based on the OKA process and its focus is public administration organizations. It is used in web platform and its main functionalities are: filling in the questionnaire determined by the OKA process; report of all questions answered and the answers.
Another tool related is KMAT, a collaborative benchmark tool, designed to help organizations make an initial high-level assessment about KM [De Jager 1999] . KMAT presents a questionnaire composed of five sections of evaluation: leadership (to verify if KM is compatible with how the organization is managed); technology (how the organization facilitates communication among individuals in collecting, storing, and sharing knowledge); culture (the culture of knowledge sharing is explicit among individuals); measurement (how the organization quantifies its knowledge capital); process (concentrates on activities to create, identify, collect, adapt, organize, apply and share knowledge).
American organization APQC has developed its own diagnostics tool with 33 questions developed to help the organization measure KM in the organization. The diagnostics focus on policies, programs and infrastructure, cultural attitudes that can make the organization more or less receptive to initiatives for knowledge sharing. The tool is available in a Microsoft Excel template and can only be accessed by affiliates of this organization.
Conclusion
This paper introduces version 1.0 of SEKNOW, a tool for KM diagnostics in software companies. The main contributions of this tool in relation to those already presented in the literature are that SEKNOW allows several diagnostics available in the literature to be incorporated into its environment, allows control of different user profiles, enables an area for academic research with focus in software engineering companies. As future work, we intend to implement other KM diagnostics in the SEKNOW tool as well as conduct experimental studies in software development companies.
License
The software proposed is under Apache License 2.0 license. This license allows such software to be used in any project, provided the terms and conditions contained in its text are obeyed. It allows the use and distribution of source code in both free and proprietary software. However, it requires the inclusion of the copyright notice and the disclaimer (informs the rights of the reader and the responsibilities assumed and not assumed by the author) in the product.
Acknowledgements
This study was partially financed by the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior -Brazil (CAPES) and it had support received from CNPq (universal project 432247/2018-1), Brazil.
